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SUMMARY

A studywas made of availablerudderand elevatorhinge+nomnt-
coefficientdata in orderto detemine the floatingcharacteristics
varioustypesof ruddersand elevatorsin sliming attitudes. Sane
of the datawere appliedto s~ecificspin attitudesobtainedfrom
testsof a mdel of a t~ical personel~er+pe airplanein the

..—

of

L=@ey P=oot free+3pinningtunnel. The ~sul.tswere studiedwith
t regerdto obtainingspin‘recoveryupon releasingthe controls. .,

The plainruddergenerallyfloatedwith the spinat all spinning
4 attitudes. Of the ruddersinvestigated,the horn-balancedrudder

shouldbe the most ada@able for obtainingdesirablefloatingcharac—
teristicsat spinningattitudes. The partial-lengthoverhang+xdanced
rudder (rudderabovethe horizontaltail)shouldfloatnear neutral
for steelspinsand againstthe s~infor flatterspins. The full–
lengthoverhan&balmced rudder (a part of the rudderextendingbelow
the horizontal.tail),hawever,my floatwith the spin.

Plain,overhang+alanced,and beveled-trailing+dgeelevatas
shouldfloat in an UIJpositionin spinsaltho@ the beveled-trailin~ .
edge elevatorshouldfloat closestto neutralfrom an up position.
Eo&+kknced elevatms
largetabs-deflectedup
spiming attitudes.

.

The problemof spin

shouldalso float in an up yosition. Use of
shouldcausethe elevatcrto floatdown in

INTRODUCTION

recoveryhas been extensivelystudiedin

U
the pastfrcmthe viewpointof obtainingrecoverybyrapidmnual
raovemntof the ccmtrols. References1 and 2 presentresultsof such
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studiesthatmay be consideredapplicableto personal+wner-type
airplanes. CivilAir Regulations,however,requi=.personal-ownez4yp3
airplanesto recoverfrom E@ns upon releasingthe controls. (See
reference3.) Scmmrecentdesignsof personal-owner-typeairplanes
are considerablyheavierthan thoseof the past and difficultyhas
been encounteredin complyingwith theseCivilAir Regulations.
References1 and 2 indicatethat eitherthe rudder or elevatu,
dependingupon the mannerin whichthe weight-isdistributedin the
airplsme,will be the predominant-controlfar spinrecovery. In
general,the rudderis moved againstthe spin (fullleft In a right
spin) and the elevatoris moved downfor spinrecoveryby manual
movenmntof the contruls. Therefore,in orderto obtainrecovery
upon releasingtha controls,a typ of rudderthatfloatsagainstthe
spin and a t~e of elevatorthatfloatsdown (fromfull up) appear
to be the t~s of controlsurfacesrequired.

Althoughavailablehinge+oment=coefficientdata far spinning
attitudeswere limited,a studyof availa%leresultswas made in
orderto determinethe floatingcharacteristicsof vsrioustyps of
ruddersand elevatorsin spinningattitudes. The controlsurfaces
consideredfor which data at spinningattitudeswere available
(references4 to 8) includeda plainsmd an overhan@mlanced rudder
and a @.aln,an overhang+mlanced,and a beveled-traili~dge
elevatw. A horn-balancedrudderand a horn+mlancedelevatarwere
also consideredalthoughdata (references9 and 10) were not available
for these-S of controlsurfacesat-spinningattitudes. Some of
the data havebeen appliedto specificspinattitudesobtainedon a
model of a typicalpersonal-owner-typeairplanethathas been tested
in the Langley20-footfree-spinningtunnel.

SYMBOLS

wing mea, squarefeet

wing spsn,feet

mean aerodynamicchardof wing,feet

ratio of distanceof center-ofgravityrearwardof’
leadingedge of mean aerodyrmmlcchcmdto man
aerodynamicchord

•1

.
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ratioof dikkancebetweencenterof gravityand thrust
line to mean aerodynamicchord (positivewhen center
of gravityIs belowthrustline)

mass of airplane,slugs

air density,slugsper cubicfoot

full-scaletruerate of descentor
feet per second

free-streamvelocity,

dynsmicpressure,poundsper squarefoot
()
$?

airplanerelative+ensitycoefficient (~pSb)

-nts of inertiaaboutX-, Y—, and Z+ody sxes,
respectively,sl~eet squsre

inertiayawing+oment ~amter

inertiarolling+ncmentpsmmeter.

inertiapitching+nomentparsmeter

anglebetweenverticaland thrustsxis (approx.eqti
to absoluteangleof attackat ylane of synmetry),
degrees

spinradius,distancefrom spinsxis to centerof
gravity,feet

full-scaleangularvelocityaboutspinaxis,radians
@r second

approximateangle’of sideslipat tail (anglebetween
relativewind and plsne & symnetryat tail,positive
when relativewind cams from right of plane of
s-try at tail),degrees

rudderdeflectionwith respectto fin (positivewhen
trailingedge is deflectedto left),degrees

totalrudderdeflecti.afran stopto stop
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br

Gr

be

c

Ce

Che

%

He

F

as

elevatordeflectionwith respectto stabilizer
(positivewhen trailingedge is deflecteddown),
degrees

elevaturtab deflectionwith re&pec&to elevator,
degrees

totalrudde~eda,l travel,fra?nfull forwardto
full resxward,feet

rudder heightalonghingeaxis,feeti

root+m~quare chardof rudder (rearwardof hinge
line),feet

elevatorspan (alonghingesxis),feet

roo.t+twm-quarechardof elevator(rearwardof hinge
line),feet

mean geometricchardof tail,feet--

mean geomtric chordof elevator,feet

rudderhinge+uoment coefficient-(%/ qbr5r2)

elevatorhinge+nomentcoefficient(Ee/qb$’)

rudderhingemoment (positivewhen it tendsto deflect
rudderto left),foot-pounds -

elevatorhingemoment (positivewhen it tendsto deflect
elevatortrailingedge down),foot-pounds

rudde~dal force (positivewhen pushforce is on

rightrudderpedal),pounds
(55)

angleof attackof controlsurface,degrees
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%8

%
%3

rate of changeof hinge+mment coefficient’with
control-suzfacedeflectionfcm constemtcontrol-
surfaceemgleof attack

rate of changeof hinge+oment coefficientwith
control-ace em@e of attackfor constant
control+urfacedeflection

SCOPEAND LIMITATIONSOF INVIHTIGA!TCON

The data studiedwere obtainedfrom references4 to 10 and were
for plain,overhang+alanced,and hor+balancedruddersand @sin,
overhan&mlanced, horn+alanced,smd beveled-traili~dge
elevators. TableI inticatesthe t~s of controlsurfacesstudied,
the rangesof ,sngles”ofattackand sideslipand the control
deflectionsconsidered,and the referencesfromwhichthe data
presentedhereinwere obtained. The datapresentedwere takenfrom
the referencesfor unsealedcontrolsurfaces,exceptwhere otherwise
noted. This selectionwas made primarilybecausemost personal–
ownez=bypeairplanesuse unseeledsurfaces.

The data for the plainrudderwere analyzedfor only the two
most t~ical ccmibinationsof the verticaland horizontaltails
presentedin reference4, that 1s, fcm the h=izontal tail in a low
and in a high position,longitudinaHyal.inedwith the verticaltail.
Resultspresentedfor a balancedrudderwith a 27.>percen*ea
overhangwere obtainedfrm reference~; resultsfor a balancedrudder
with a ks.>percent+ea overhang,availablefrom reference6 for
onlytwo anglesof attackand two rudderdeflections,are not
presentedquantitativelybut are discussedbriefly. The data for a
balancedrudderwith a lh.>percent-areahorn (reference9) were
availableonlyfor the verticaltailwithoutthe presenceof the
horizontaltail at 0° angleof attackand are for a surfacewith an
unshieldedhorn and with a sealedgap. Sketchesof the verticaltails
for whichn-rical. data are presentedhereinare shownin figures1,
2, ands.

The resultspres=ted hereinare for zero sideslipbut a discussion
of the effectsof sideslip,based on the limiteddata available,is also
included. The datapresentedfrom reference7 are for a plain elevator
and a blunt+ose balancedelevatorwith a S>percent+hord overheng..
Referenceis alsomade to resultsfrom reference7 for a bluntiose

,
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balancedelevatorwith a 50=nercent-chordoverhsngalthou@ no quanti-
tativedata are repeatedherein. Data from reference5 for a Wlanced
elevatorwith a 31.8-percent+reaoverhamgwere snalyzedfor the
effectsof tab size on the floatingcharacteristicsof this elevator.
Beveled-trailing-edge-elevatorresultsof reference8 are presented
hereinonlyfor a M3-yercent.-chordbevel. Resultsfromreference6
for a balancedelevatorwith a &8-percen&ereaoverhangand from
reference10 for a hor+balancedelevatorare nmtioned briefly,
but numericalresultsexe not presented. Sketchesof the horizontal
tailsfor whichnumericaldata are presentedhereinere shownin
figures4 and 5*

The data obtainedframreferences4, 5, and 6 were for the control
surfacein the presence &-a c~plete tail combination;whereasthe
data from the renminingreferenceswere for isolatedtail surfaces.
The effectof fuselageinterferenceon the rudderand elevatorfloating
characteristicsis not knuwnbecausecom~ative ti’tado not exist,
and for this investigation,therefore,results for surfacesthat
were testedin the presenceof a fuselagewere comparedin sane
instanceswith thosethatwere not. Also,all the availablehinge-
momnt+xefficient datawere obtainedwith-staticmodelsand the
effectsof frictionand of centrifugalforcehave been neglected. A
preliminarystudy,huwever,has indicatedthat,for the average
persons&owner-typeairplane,the effectsof centrifugalforce on
the rudderdo not changethe comparativefloatingtendenciesof the
rudderspresentedherein.

Hinge+mnent characteristicsof varioust~s of controlsurfaces
at -nornml.flightattitudesare presentedin reference11.

MEIEODSOF ANAIYSIS

IiIorderto de’terurlnethe generalfloatingcharacteristicsof the
various controlsurfacesthroughrangesof sn~e of attackand angleof
sldeslip,crossplotsof hinge+mment coefficientagainstccmtrol
deflecti.cmbr and be havebeen preparedfrom the data of the refer-

ences. The floatinganglescanbe readilydetermined,sincethey are
the controldeflectionsat whichthe hinge+oment coefficientis eqti
to zero. ~this analysis,the anglesof sideslipare equal inma@i-
tudebut oppositein signto the anglesof yaw used in tie references.

The floatingcharacteristicsof the controlsurfacesfor specific
spinningconditionsobtainedon a model of a typicalperscmal-owne~
type airplanehavingdifferenttail configuratiaswere obtained%y
interpolationof the generalhinge+noment+oefficientdata. The
specificapplicatiawas made to showthe methodof applyingthe
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generaldata In determiningthe floatingcharacteristicsof rudders
at actualspinconditims, for a range of syin conditionsthat ere
_probablefor yersonal-owner-typeairplanes. The generaldata applied
to these spin conditionswere for the plainrudderand for the
2~.>percent+verhang+alancedrud&. The hinge+noment-coefficient
datafor the horizontaltail in the low and in the high ~ositions
on the plainrudderwere interpolatedso that the verticalposition
of the horizontaltail used for the hinge+nmwnticefficientdata
simulatedthe verticalpositionof the horizontaltail on the spinning
model. This mthod of applicationwas not yossitlefor tha
27.g-percent-overhan&balancedrudderbecausethe generalhinge-
moment+oefficientdatawere availablefor only one horizontal-tail
position. Some typicalspinningattitudesassumedby the free-pinning
modelwere used to determinethe floatingcharacteristicsof an
overhan@balancedrudder. A comparisonwas alsomade betweenthe
plainand overhang+al.ancedrudderfor specificspinningattitudes
assumedby the spinningmodelfor thoseconditionsfor which the
dynamicmodelhad a tail configurationsimilarto thatfor the .

27.g-percentoverhangbalence.

Photographsof the spinningmodel are shownin figure6 and the
dimensionaland mass characteristicsof the model in termsof full–
scalevaluessre presentedin tableII. Drawingsof the varioustail
assenibliestestedon the model are shownin figure7. The free-spinning
model testswere performedin the mannerexplainedin reference12,
exceptthat the launchingtechniquehas been changedfrom launching
by a spindleto launchingby hand. The spindatapresentedwere
obtainedand convertedto fulL~cale valuesby the methodsalso
describedin reference12.

lh additionto determiningthe floatingcharacteristicsof the
@sin rudderat specificspinningattitudes,calculationswere made to
detemninethe ruddez=pedalforcethat would”berequiredto hold the
rudderat neutral. The forceswere calculatedby the methodpresented
h referencek and were based on an assumedtotelrudde?+ dal travel,
from full.forwardto full re rarward,of 5 inches(0.417f% and a rudder
deflectionrange of 600. These values we approximateaveragesfor

pereonal-owner+ypeairplanessnd thereforethe value ~ ~ -used
180 Zr

was 2.51.

PRESENTATIONOF RESULTS

The general.hinge+mment chmacteristicsof a plainrudderare
_presentedin figures8 and 9 for the tail ccmibinatimshavtigthe
horizontaltail h the low end high centerpositims, respectively.
The generalhinge+mment chmacteristicsof the 27.9-percent-
overhen&balzmcedrudderare presentedin figure10 end thosefor the
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14.>percent+orn+alanced rudder,in fQure 11. The hinge+mnent-
chsracteristicsof the variousruddersare presentedfor various
anglesof attackand sideslipin the form of curvesof hinge+mcmmnt–
coefficientplottedagainetcontroldeflection-.

The s@nning conditionsobtainedfor variouscontrolsettings
on the model of the typicalpersonal-owner-typairplanehaving
differenttail configurationsare presentedin tableIII. The angles
&attack-and sideslip,rata of rotation,verticalrate of descent,
and spinradiusare presented.

Hinge-mcnnmtcharacteristicsat specificspinningattitudesare
presentedin f@ures 12 tm14 for the plainrudderand i’nfigure15
for the 27.g-percent~verhan&balancedrudder. A comparisonof the
floatingtendenciesof the plainand 27.g-percent-overhan@alanced
ruddersat some specificspinattitudesIs indicatedh figure16.
The floatinganglesobtainedfromfigures12 to 16 and the rudde~

‘ pedalforcesrequiredto hold the plainrudderat neutralare also
listedin tableIII for each specificspinningcondition.

The general,hinge+noment characteristicsof the plain,3>percent-
overhang+alanced,and beveled—trailing+dgeelevatorsare shown
in figure17. The hfng ~nt characteristicsof the 31.&percent-
overhang+alancedelevatoramd the effectsof tab defle.ctlonon its
hinge+mmentcharacteristicsare presentedti.figure38.

RESULTSAND DISCUSSION

Studieshave indicatedthatdeflectionsof the rudderand
elevatorare the predominantcontrul-surfacemovanentsrequiredfor
spinrecovery,the use of eitheror both dependingon the weight
distributionwithinthe atiylane. (Seereferencesland 2.) ~sofar -
as existingstudiesare tmsedon fti mahuslmovementof the control
surfaces,the amountof control+urfacemovementnecessaryfor satis–
factoryspinrecoveryis not known,althoughthe amountwouldprobably
vsxywith the designsand loadingsof the airplanes. In ordertm
complywith the CivilAir Regulations(reference3), whichrequire
spinrecoverywith controlsfree,the floatingcharacteristicsof the
rudderand elevatorstiaces for any given designwouldhave h-be
suchthat the controlsurfaceswouldfloat-to the positionrequired
for obtainingsatisfactoryrecoveryfor the worstloadingcondition.
Inasmuchas the directionbut not the magnitudeof contrul+mrface
travelnecessaryfor recoveryis known,the assumptionis made that,
for a giventail design,the t~ of rudderthatfloatsfarthest
againstthe spinand the tyye of elevatcwthatfloatsfarthestdown

*

-.

.
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wouldbe the typesof controlsurfacesdesirablefor spinrecovery
by releasedcontrols.

RudderFloatingCharacteristics

The floatingcharacteristicsof ruddersdependprimarilyon the
aerodynamichinge+uoment coefficientsof the ruddersurface,which
dependon the sideslipthat existsat the tail in the spin (theangle
of attackof the verticalsurface)and upon the deflectionof the
surface. The angleof attackof the spinslso influencesrudder
hfmge+mment characteristics,mainlybecauseit detemines the extent
to whichthe horizontaltailwill shieldthe verticaltail. The wake
of the horizontaltailproducesa shieldingor blanketingeffectand
the part of the rudderIn the wake becomesrelativelyineffective.
(Seereferences4 and 5.) The part of the rudderthat wil-1%8
encompassedby the wake dependson the positionof the horizont~
tail in relationto the verticaltail. The wake generallyencompasses
only the lowerand rearwardsectionsof the rudderat low singlesof
attackand movesupwardand forwardas the angleof attackincreases,
the front of the wake boundarypivotingaboutthe leadingedge of the
stabilizer. (~e fig. 19. ) Sideslipat the tail also influencesto
som degreethe amountof shieldingobtained. The shieldinggenerally
tendsto lecomesmalleras the outwardsideslipat the tail increases.
Becausehigh snglesof attackresultin the shieldingof the rudder

. by the horizontaltail emd becausehigh anglesof sidesll~at the
tailmay resultin the stallingof the verticalsurfaces,the
variationsof hinge+oment coefficientwith a+a and br are not

linearand, therefwe, the valuesof ~ and ~ obtainedin
as 5

normslflightor in spinattitudescannotbe used to calculatethe
floatinganglesat spinattitudes.

The subsequentdiscussionis aboutthe floatingcharacteristics
of vsrioustypes of rudders’withconsiderationof the effectsof the .
factws justdiscussed.

Plainrudders.-The curvesof rudderhinge+nomentcoefficient
plottedagainstrudderdeflectionfor the tail.cczibinationwith the
horizontaltail in the low position(fig.8) show changesin the
generalslopeswith increasingangleof attack. At spinningsmgl.es
of attackof 10° to 30° well-definedfloatinganglesare obtained;
whereasat higherangles of attackthe floatinganglesare generally

. not we31 definedprimarilybecauseof the shieldingof the vertical
tailby the horizontaltail. At low spinninganglesof attack,the
floatingangleof the rudderis a functionof sideslip. The rudderi
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float=progressively
the outward sideslip
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more with the spin (rightin a right spin)as
at the tail increases(therelativewind coming

frmnthe left side offthe planeof symmtry in a right spin).
Unpublishedresultsof numerousmodelstestedin the Langley20+?oot
free-spinningtunnelindicatethat airplanesusuallyspinwith
outwardsideslipat the tail. The resultsfor the typicalpersonal-
owmer+pe airpleme(table~) show a 1.7° to 32.8° variationin
outwardsideslipat the tail.

As the angleof attackincreasesabove30°,the hinge-moment-
coeff’icient-curvesbecomeerraticand the coefficientvaluesbecome
mall; theseconditionsind+catethat the rudderbecomesalmost
completelyshielded. The indicatedfloatingcharacteristicsexe
irregularand inconclusive.Predictionof the floatinganglesfor
suchhighlyshieldedconditionsmay, however,not be necessery,because
satisfactoryrecoverieswouldprobablybe difficultor impossibleto
obtainevenby manual operationof the rudder. At anglesof outwsrd
sideslipof 30° for anglesof attackof ho or more,the rudder
becoms unshieldedand floatsfull.with the spin.

The floatingcharacteristicsfor the tail conibinationwith the
horizontaltail in the high ~osition(fig.9) are similarto those
obtainedwith the horizontaltail in the low position(fig.8). When
the horizontaltail is in the high position,huwever,the rudderdoes
not becom shieldedeven at high singlesof attackfor moderatevalues
of outwardsideslip.

Figures8 and 9 indicatethat the floatimgcharacteristicsof a
plainrudderin a spinare such that the rudder-ass-s a deflection
with the spin and that this deflectionprogressivelyincreaseswith
increasingoutwardsideslip. In general,in a steepspin smalloutward
sideslipis presentat the tail end in a flat spinlergeoutward
sideslipis present;therefore,a plainrudderon a personalairplane
that is in a flat spinwill probablyfloatfull with the spin. For a
specifictail combination,the essentialeffectof angleof attackon
rudderfloatinganglesis determinedby the amountof ruddershielding
resultingat that angleof’attack.

.

Overhang-balancedrudders.-The curvesof hlnge+noment coefficient
plottmiagainst-rudderdeflectionf6r the 27.Xpercent+%rh~

.- -.—

balancedrudder (fig.10) show changesin the generalslopesof the
curveswith changesin airplaneangleof attack. The fact that these
changesin slopeare similarto thoseobtainedfor the ylainrudders
indicateseffectsof shieldingon the overhang+mlsncedruddersimilar
to thoseon the plainrudder. The ~ valuesfor the smallanglesof .

5
attackme negative,and the absolut=valuosof-theseslopes

.
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progressively

XL

decrease~til they tecom positive(unstable)above
an angle of attackof 38”. As the angleof attackincreases,the
shieldingeffectof the horizontsJ_tailresultsin an increasedratio
of unshieldedbalancearea to unshieldedrudderarm. This increase
resultsin the changein slopepreviouslymentionedand indicatesthat
beyondan angle of attackof 38° the unshieldedpert of the rudderhas
becom overbalanced.

Figure10 indicatesthat the floatingcharacteristicsof the
27.g-yercent+verhmg-balancedrudderare not appreciablyaffectedby
sidesllpat the steepe~pin anglesof attack (28° or less). This fact
indicatesthatfor this controlsurfacejthe hinge+nomentcoefficients
were not appreciablyaffectedby angleof attackof the surface(the
angleof attackof the verticaltail is the sideslipangle). ~ other
words,the normallyconsidered Ch was approximatelyzero. For the

as ●

flatte~pin anglesof attackwhen the rudderis overbalanced,the
resultsindicatethat the ruddermay float eitherfull with or full
againstthe spin,the directiondependingon whetherthe hinge~nt
coefficientexistingat the time of rudderreleaseis negativeor
positive. As indicatedin figure10, outwardsideslipof 20°
generallyresultedin a floatinganglefti againstthe spin;whereas
outwardsideslipof only 10° resultedin a floatinganglefull with
the spin.

The resultsof limitedtestsfor the 43.>prcent+verhan&
lalancedrudder (reference6) showprobablefloatingcharacteristics
that differscmwhat fran thosefor the 27.~rcent-overhan&
balancedrudder. The spareof the 27.g-p6rcent+alancedrudder
terminatedat the top of the fuselageand abovethe horizontaltail
(partial-lengthrtidder);whereasthe span of the 43.>percent+mlanced
rudderetiendedto the bottomof the fuselageand below the horizontal
tail (full-lengthrudder). At the law angle of attackfu which data
are available(200),~ is negativeand not zero as it is for the

%
case of the partial-lengthrudder. This differencewould causethe
full-lengthoverhan&belancedrudderto floatwith the spin,inasmuch

- %6 is also negative. Similarresultsmaybe expcted at higher

anglesof attackbecausethe data at the higherangleof attack (50°)
showthat ~ is stilLnegative. The most favorablefloating

as
characteristicsthereforecan probablyhe obtainedfrom overhan~
balancedrudderswhen they are partia2length,and the leastfavorable
when they are full lengthand have a high horizontal-tailposition.
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A comparisonof the resultsin figures10(a),10(b),and 1O(C)
showsthat deflectingthe elevatorsdid.not appreciablyeffectthe
rudderhinge+ncmmntcoefficientsw the floatingcharacteristicsof
the partial-length27.g-percent-overhan&balancedrudderfor angles
of attackfrom 18° to 68°. The resultsof the tail configurationwith
a full-length43.~rcent-overhang+alanced rudder (reference6) also
indicatedthat-therudderMnge+me nt coefficientswere not
appreciablyaffectedby elevatordeflectionfor an@es of sidesliyand
rudderdeflect~onaof 1- signswhen the angleof attackwas
appr~huately 20°, but at an angleof attackof 70°, an effect,
althoughincausi.stent,was indicated.An effectof elevatordeflection
wouldtherefwe be expcted onlywhen accompaniedby a changein the
shieldingof the rudder.

Horn+alancedrudders.-l?he,?r!.nge+ament+oefficientdata of the
hoz+balancedrudder (fig.11) obtained fram reference9 were for zero
angle of attackand no horizontaltail. For this unshieldedrudder
condition,negativevaluesof ~ and positivevalues of

b %
were

s
obtained. Althoughthe magnitudeof the values of Chb ‘d %

as
obtainedwere consideredundesirablefor normalflight,as indicated
in reference9, the hinge+noment characteristicsare consideredto be
indicativeof what wouldbe obtainedon a rudderwhichis satlafactory
for normalflightwhen it becameshieldedin spinningattitudes.A
comparisonof the resultsof figure11 with the datafor the over-
balancedrudderat the low anglesof attack(fig.10) indicatesthat
the horn-balancedrudderwouldhave more favorablefloatingcharac-
teristics,with regardto spinrecovery,in that it wouldgenerally
tend to floatmore againstthe spin. This more favorablefloating
characteristicoccursovera limitedrenge ofianglesof attackof the
surfacewhen the homSbalancedrudderhas a positivevalueof

% a
and a negativevalue of %5. The floatingcharacteristicsof the

horn+alancedrudderhoweverwouldprobablybe superiorto the
overhan@alanced surfacethroughthe entirespinningangl=+ttack
range if the rudderwere in the presenceof a horizontaltail. & In
the casefor the overhang+balancedrudder,the wake of the horizontal
tailwould shieldthe horn+alancedrudderso that the ratio of
unshieldedlalancesxea to unshieldedrudder&reawould increaseas
the angleof attackincreased. This effectis indicatedin figure19.
For the case of the hornhalance,the baldnceareamaybe completely
unshieldeduntilvery flat spinsare obtainedand, therefore,a much
largerratio.ofunshieldedbalancearea to unshieldedrudderareawould
be obtainedby the use of a horn+e.lancedrudder. The ratiowould of
coursebe effectedby the size of the hornbalanceand the locationof

.

.
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the horizontal.tail. A studyof figure10 indicatesthatwhen the
unshieldedpert of the overhang+alancedrudderbecanmoverbalanced,
positivevaluesof

%
were obtained. The horn+shnced rudder

13

is thereforeexpectedto have a largerpositive
%

when shielded
s

than when unshielded.As the shieldingof the rudderincreases,the
increasein balanceof the unshieldedpert of the rudderprobably
will resultin an increasein positive Ch and an increaseIn the

as
range of angleof attackof the surfacefor which

%
is positive.

s
As the shieldingincreasesfurther,the unshieldedpart of the rudder
becomesoverbalancedand %5 will alsobecomepositive. For this

condition,obtainedat high spinninganglesof attack,the rudderwill
floatfull against.thespinunlesssidesliyanglesat the tail are
very smll. The combinationof high spinninganglesof attackand
very smll sideslipanglesat the tail (an improbableattitudefor a
spinningairplane)will ~robahlycausethe rudderto floatfull with
the spin.

,

h general,the horn+danced rudderaypeas to he the most
adaptablefor obtainingdesirablefloatingcharacteristicsthroughout
the spinningangle+f+ttack rangefor the spinningconditionslikely
to be obtainedon an airplane.

H a controlsurfaceis usedwhichhas hinge+ncanent+oefficient
characteristicssuchthat it has a stabilizingfloatingtendency

(
positive

%)
in normalflightattitudes,as is the casefor the

lk.>percent+horn+alancedrudderpresentedin fi@re 11, lateral
oscillationsof constantaplitude may be obtainedin a ruddersystem
havingfriction. The causeandthe conditionsthat tend to minimize
or eliminatetheseundesirableoscillationsere discussedin detail
in reference13.

Applicationof data to specificsphning attitudes.-For the
50 spirrspresentedin tableIII, the angleof attackrangedfrom

-—

about15° to 68° smd the angleof outwardsideslipveriedfrom about
20 to.s=jo.Spin attitudesof most yersonal+wner-typeairplaneswi~
probablyfall withinthesersngesand the floatingemglesshownin
figures12 to 16 and presentedin table111 are practicable
indicationsof the floatinganglesthatmay le encountered.The data,
as previouslyindicated,were obtainedstaticallyand thesefloating
angles,therefore,do not includethe effectsof centrifugaland
frictionalforces.

.
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For the specificspinningattitudesfor whichthe plain-rudder
datawere applied(figs.1.2to 14), the floatig anglesrangedfrom
approximatelyneutralto fti.with the spin. At corresponding
attitudes(fig.16),the 27.g-percent-overhang+alancedrudder.
floatednear neutral. The datafor the horr+bal.ancedrudderwere not
sufficientlyextensivefor specificapplicationbut, as had been
stated,a horn+mlancedrudderwouldprobablyhavefloated.against–
the syin.

Calculationsweremade of the rudde~pedalforcerequiredto hold
the ylainrudderat ne’xtral.This studywas made becauseof the
suppositionthat,as a solutionto the problemo&control release,
the plain=rudderconlmolsystemmightbe preloadedso that~t would
move to neutral.when releasedin a spin. For the tail configurations
havingnormaland large+ize verticaltails,a preloadingforce of
approximately75 and 145 pounds,respectively,(tableIII)wouldbe
requiredtm-insuremovementof the rudderto neutial;however,
preloadinga ruddercontrolsystemby theseaimuntsis considered
ob~ectionable.

ElevatorFloatingCharacteristics

The floatingcharacteristicsof elevators as of rudders,depend
primarilyon the aerodynamichinge+nanent coefficientsof the surface,
but elevatorsare not shieldedin the msmnerruddersare at~nning
anglesof attack;however,in a spin,the horizontaltail surfaces
are generallystalledbecauseof the high anglesof attack,and the
variationsof elevatorhinge+noment coefficientwith a5 and 80 are

not linear. Therefore,like ths casefor the rudder,
Ch and Ch5
as

cannotbe used ti~alculatefloatinganglesat~lnning attitudes. In
general,however,a considerationof the variationof elevatarhinge-
momentcoefficientwith a8 and 50 shouldlead to a qualitative

understandingof elevatorYloatingcharacteristicsat s~inning
attitudes. The ensuinganalysisof the floatingcharacteristicsof
the vsrioustypesof elevatorsis made on thisbasis.

The curvesof hinge+mmentcoefficientplattedagal.nstelevator
deflectionin figure17 for.theplain,the 3>@”rcent+verhang-
balanced,and the beveled-trailing+dgeelevatorswere negativein
slopeand thereforethe elevatorswouldtend to floatin an up position
for all spinninganglesof attack. The elevatw~ would.tend to.float
more upwardas the angleof attackincreased.At anglesof attack

. —

.
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below 35°, the 3>percent-overhan@bdaced elevatorwouldfloatat the
highestelevator+p position,whereasthe beveled-trailing-edgeelevator
would floatthe closestto neutrel. At snglesof attackof 35°, 40°,
and 45°, for whichthe 3>~rcen&balanced elevatorwouldfloat in a
full-p position,the beveled-trailin~dgeelevatorwouldfloat
progressivelymore upgarduntilit attaineda 15°up deflectionat an
emgle of attackof 45 . For s~inswith anglesof attackhigherthan 45°
(thel~t for which datawere available)the favorablefloating
tendencyof the beveled-trailing+dgeelevatm may disappear. A study
of reference8 indicatesthat,at s~inninganglesof attack,varying
the size of the chordof the levelwouldnot improvethe floating‘
tendency. The resultsof references6 and 7 for a &percent-over_
balancedelevatorand a 50-prcentiverhan@alanced elevator,
res~ectively,indicatethat elevatorswith suchvery largebalances
will generellyfloatfti up in spins. Thereis an indication,based
on reference10 ad on an applicationof reference9 to elevators,that
with a sufficientlylargehorn favorablefloatingcharacteristicsmay
be obtained,Wovided the spin is very steep {lessthan 20° angle of
attack). At em angle of attackof 20°,however,C

%
becomesnegative

and it is indicatedthat hcm+balancedelevatcmshavinga balanceof
size suitablefar normelflightwill float in an up position.

The influenceof tab deflectionson elevatorfloatingcharac–
teristicsthroughthe entfrespinningangle+f+ttack rangefor an
elevatw havinga ~.&percent overhangbal-anteis shownin figure18.
Wfth the tab at its neutralposition,the floatingcharacteristicsof
this elevatorwere, in general,similarto thosefor the 3>percent-
overham&balancedelevatcr(fig.17) in that the elevatcmsboth tended
to floatto the full-uppositions. Deflectionof the smalltab 14°
upwarddid not appreciablyaffectthe floatingcharacteristicsof the
elevatoralthoughit reducedthe stickforcerequiredto move the
elevatordown from its full-upposition. The largertab deflected14°
upward,however,made the elevata floatabout10° down fram neutralat
an angleof attackof 18°, and as the angleof attackincreasedthe
elevatorfloatedprogressivelyless downwardand becsmeneutralat
an angle of attackof appraxlmately45°.

Use of tabs d~flectedupwardwill be effectivein causingelevators
to floatdownwardduringa spin,the floatingangleat any specific
spinningangleof attackdependingupon the size of the tab. A DElmual
movementof tabs duringa spin,however,wouldnot fulfillthe present
CivilAir Regulations.

A studybased on references5, 7, and 8 indicatesthat outward
sidesllpin the spindms not greatlyaffectelevatcn?floatingcharac-
teristics. At valuesof outwerdsidesl.ipbelow 10°, the effectis
negligible,but for largervaluesof outwardsideslipup to 30° the
effectis suchas generallyto causethe elevatu to floatmore upward.
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The effects,however,do not changethe generalcomparativefloating w
characteristicsof the elevatorsand the beveled-traili~dge elevator
stillfloatsclosestto neutralevenwith largeamountsof sideslip.
The characteristicsof beveled-trailing-edgecontrolsurfacesincluding “
the deficienciesof this type of balancein,normalflightare discussed
in reference11.

CONCLUSIONS

A studywas made of availablerudderand elevatorhinge+oment-
coefficientdata in orderto determinethe floatingchamcteristicsof
varioust~s of ruddersand elevatorsin spinningattitudes. some of

“the datawere appliedto specificspinattitudesobtainedon a model
of a t~ical permnal~ez+.y-pe airplanethatwas tested. The results
of the analysisfor the data presentedhereinindicatethe following
conclusionswith regardto obtainingspinrecoveryupon releasingthe
controls:

1. A plainruddergene~ly will floatwith the spinfor all angles
of’attack.

2. Of the ruddersinvestigated,the homklxil.ancedrudderappearsto
be the most adaptablefor obtainingdesirablefloatingcharacteristics
at spinningattitudes.

3. The partial-lengthoverbalanced rudder(ruddershovethe
horizontaltail)presentedhereingenerallywill floatnear neutralfor
low anglesof attack,and for high anglesof attackit-shouldfloat
againstthe spin. The full-lengthoverhan@@anced rudder(a part
of the rudderextendingbelowthe horizonttitail)may floatwith the
spin.

4. Weloading of a plain-rudderccmtrolsystemin orderto move
the plainrudderto neutralfor all probablespincmditicms is
objectionablebecauseof the largeemountof preloadingrequired.

.

5. Plain,overhan@alanced,and beveled-trailin~dgeelevators
generallywill floatin an up positionin spinsand shouldfloatmore
upwsrdas the angleof attackincreases.The beveled-trailin~dge
elevatorshouldfloatclosestto neutral,whereasthe overhan~
balancedelevatorshouldfloat farthestup. Indicationsare that h~
balancedelevatorsnay also floatin an up px!ition.
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6. Large tabs deflectedupwardshouldcausethe elevatorsto
floatdown in spinningattitudes.

Ls+gleyAeronauticalLaboratory
NationalAdvisoryCommitteefor Aeronautics

M@ey Air ForoeBase, Vs., June 20, 1949

17

.
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MAss,AND INERTIAcHARAmIsTIcs

OF THE RE~ PERSONUXWKER+YEE AIRPLANE
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TABLEII.-D-SIONAL, MASS,AND INERTIACH4RAC?TERISTICS

OF TEE REERESENMTIVEPERSO~ AIRPMKE -Continued
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TABLEII.-DIMENSIONAL,MASS,AND

mPRISmATrvE

Inert ia parameters:
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deflectionfor various@es’of sid@.ip at 6pecific@es of
attack. Plainrudder;horizontaltail in high position;ae = @.

Data from reference4.
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Figure12.- Plain-rudderhinge+nomentcoefficientas a @ction of
rudderdeflecticmat specificspinningattitudes. Normsl+ize
verticaland horizontaltails.
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Figure13.– Plain-ndderhin~t coefficientas a functionof rudder
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Figure16.-~~er h~t coeffici~t u a ~ctf~ of ~dder
defIectionat variousspinningattitudesfor a 27.~ercen~er_
baknced and a plainrudder.
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